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(54) [ Title of the Invention ] Automatic gear shifting device 
(57) [ Abstract ] 

[ Problem ] Relates to an automatic gear shifting device for automatically controlling the 
change gear mechanism depending on speed, and has as an object to provide an automatic 
gear shifting device that avoids discomfort in shift operations. 
[ Solution ] Gear position supplied by a speed change map memory 17 is compared to 
current gear position, as ascertained by a gear position sensor portion 14; the gear shifting 
direction is sensed; and in the event that the gear shifting direction is a gear downshift 
operation occurring directly after a gear upshift operation or a gear upshift operation 
occurring directly after a gear downshift operation, the requested downshift operation or 
upshift operation is disabled for a predetermined number of times. 




[Key: SI wheel speed input?; S2 calculate wheel speed, acceleration; S3 calculate shift position; S4 gear 
upshift?; S5 immediately follows gear downshift?; S6 power off?; S7 shift gear; S8 gear downshift?; S9 
immediately follows gear upshift?] 
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[ Claims ] 

[ Claim 1 ] Automatic gear shifting device for actuating an actuating mechanism and 
shifting a change gear mechanism depending on wheel speed, 

wherein said automatic gear shifting device comprises shift disabling means that . 
senses the shift position of said actuating mechanism, and that, for a predetermined time 
interval directly after said actuating mechanism has shifted said change gear mechanism 
in a predetermined direction, disables shifting in the opposite shifting direction. 
[ Claim 2 ] Automatic gear shifting device according to claim 1 wherein the shift 
disabling means, for a predetermined time interval directly after said actuating 
mechanism has shifted said change gear mechanism in a predetermined direction, 
disables shifting in the opposite shifting direction for a predetermined number of times. 
[ Detailed Description of the Invention ] 
[ 0001 ] 

[ Field of Industrial Utilization ] The present invention relates to an automatic gear 
shifting device, and in particular to an automatic gear shifting device for automatically 
controlling the change gear mechanism depending on wheel speed. 
[ 0002 ] 

[ Prior Art ] In recent years there have been developed a number of automatic gear 
shifting devices for installation on a bicycle in order to automate the change gear 
mechanism. With such actuators, the shifting operation is automated by controlling, with 
reference to the speed of rotation of the wheels, the amount of pull on the wire that 
performs the shifting operation of the change gear mechanism of the bicycle. 
[ 0003 ] With this type of automatic gear shifting device, the wire is operated by a motor . 
to control the gear level of the change gear device, with the actuating force of the motor 
being transmitted to the wire via a reduction gear group and a transmission mechanism. 
Operation of the wire is controlled by sensing the amount of rotation of the output gear of 
the reduction gear group, and controlling the speed of the motor. 
[ 0004 ] Fig. 1 1 is a block diagram illustrating a conventional example. Bicycle 31 is a 
change gear mechanism-equipped model also having an on-board automatic gear shifting 
device. Bicycle 31 is powered by the rider actuating the pedals 32, whereupon the 
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actuating force is transferred from the pedals 32 to a chain 33, and then from the chain 33 
to the change gear mechanism 34 where it is converted and then drives the drive wheel 35. 
[ 0005 ] Change gear mechanism 34 is connected via a wire 36 to an automatic gear 
shifting device 37, enabling it to be shifted automatically by automatic gear shifting 
device 37. Automatic gear shifting device 37 is connected via a wire 38 to a change 
speed lever 39; application of actuating force through operation of change speed lever 39 
is supplied via wire 36 to change gear mechanism 34 to enable manual shifting. 
[ 0006 ] Automatic gear shifting device 37 comprises a wheel speed sensor 40 for 
sensing wheel speed of the bicycle 31 on the basis of the rotational speed of drive wheel 
35; an actuator 41 for displacing wire 36 depending on the wheel speed sensed by wheel 
speed sensor 40, and optimally controlling the gear level of change gear mechanism 34; 
and a battery box 42 for providing drive power to actuator 41 . 

[ 0007 ] Wheel speed sensor 40 comprises a magnet 40a attached to the drive wheel 35; 
and a lead switch 40b attached to the frame of the bicycle 31, facing the magnet 40a. In 
response to rotation of drive wheel 35, lead switch 40b switches on as magnet 40a comes 
moves closer and switches off as it moves further away, being switched by actuator 41 
depending on wheel speed. 

[ 0008 ] Actuator 41 comprises a transmission mechanism 43 for controlling the amount 
of pull on wire 36; a gear position sensor portion 44 for sensing the actuation level of 
transmission mechanism 43; a motor 45 serving as the actuating source of transmission 
mechanism 43; a reduction gear group 46 for reducing the actuating force of motor 45 
and supplying it to transmission mechanism 43; a speed change map memory 47 for 
determining gear level in response to a sensor signal supplied to it by wheel speed sensor 
40; and a control circuit 48 for controlling the speed of motor 45 on the basis of a shift 
position supplied by speed change map memory 47 and the current shift position of 
transmission mechanism 43 sensed by gear position sensor portion 44. 
[ 0009 ] When presented with wheel speed input by wheel speed sensor 40, control 
circuit 48 drives the motor 45 in response to the wheel speed input to control the 
transmission mechanism 43, and controls the gear level of the change gear mechanism 34 



to a gear level matched to the wheel speed. Gear position is sensed by counting a pulsed 
signal generated by the gear position sensor portion 44. 

[ 0010 ] The pulsed signal count is set to a benchmark position, i.e. a count value of "nO", 
at [the position of] change gear mechanism 34 when power to the control circuit 47 is 
turned on or off, and [subsequently] counts up from "nO" the pulsed signal generated by 
theg ear po sitionjensor jortion 44 , haltin g the transmissi mijnechanism 43 at a ^ 
predetermined count value pre-established for first, second, and third gears^ 
[ 001 1 ] In the conventional automatic gear shifting device 37, control circuit 48 
calculates wheel speed in a cycle [equivalent to] the wheel speed pulse [cycle] regardless 
of any fluctuation in wheel speed, and refers to the speed change map memory using the 
wheel speed so calculated in order to control the change gear mechanism to the indicated 
gear value in the memory map. 
[0012] 

[ Problems the Invention Is Intended to Solve ] In the conventional automatic gear 
shifting device, the control circuit calculates wheel speed in a cycle [equivalent to] the 
wheel speed pulse [cycle] regardless of any fluctuation in wheel speed, and refers to the 
speed change map memory using the wheel speed so calculated in order to control the 
change gear mechanism to the indicated gear value in the memory map. Since there is no 
process for averaging wheel speed or the like, if rotation of the wheel should momentarily 
change dramatically (e.g. on an uneven [road surface] or when cornering) during travel at 
constant speed, the change gear mechanism will be actuated according to the shift map 
despite the fact that [the speed of] travel is constant, causing to rider to feel discomfort in 
operation. 

[ 0013 ] If wheel speed is averaged so as to avoid unnecessary shifting, shifting during 
normal travel becomes delayed, resulting in the opposite problem of causing to rider to 
feel awkwardness in operation. With the foregoing in view, it is an object of the present 
invention to provide an automatic gear shifting device that eliminates discomfort in shift 
operations. 



[0014] 

[ Means for Solving the Problems ] The invention recited in claim 1 features an 
automatic gear shifting device having a memory map that stores the shift position of the 
change gear mechanism depending on vehicle speed, and an actuating mechanism for 
shifting said change gear mechanism depending on the shift position of said shift map, 
wherein said device comprises shiftdisablin g means that, ^s^the^hi^ position^o fsdd 
actuating mechani sm, andjhat^ for a predeter mined time interval directly after said 
actuating mechanism has shifted said change gear mechanism in a predetermined 



direction, disables shifting in the^pposite ^ sMfting direction^ 
[ 0015 ] The invention recited in claim 2 features an automatic gear shifting device 
wherein said shift disabling means, for a predetermined time interval directly after said 
actuating mechanism has shifted said change gear mechanism in a predetermined 
direction, disables shifting in the Qp^^k^hiftin g direction^ o^prMetermine,d,number 
of times. According to the present invention, shift information from the shift map is 
disabled for a predetermined time interval directly after the actuating mechanism has 
shifted the change gear mechanism, thus preventing additional shifting immediately after 
^shift op_eration v so as to preventexcessive shifting. 
[0016] 

[ Description of the Embodiments ] Fig. 1 is a block diagram illustrating an embodiment 
of the present invention; and Fig. 2 is an exterior view of an embodiment of the present 
invention. The bicycle 1 pertaining to the present embodiment is a change gear 
mechanism-equipped bicycle having an on-board automatic gear shifting device. 
[ 0017 ] Bicycle 1 is powered by the rider actuating the pedals 2, whereupon actuating 
force is transferred from the pedals 2 to a chain 3, and then from the chain 3 to the change 
gear mechanism 4 where it is converted and then drives the drive wheel 5. Change gear 
mechanism 4 is connected via a wire 6 to an automatic gear shifting device 7, enabling it 
to be shifted automatically by automatic gear shifting device 7. Automatic gear shifting 
device 7 is connected via a wire 8 to a change speed lever 9; application of actuating 
force through operation of change speed lever 9 is supplied via wire 6 to change gear 
mechanism 4 to enable manual shifting. 
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[ 0018 ] Automatic gear shifting device 7 comprises a wheel speed sensor 10 for sensing 
wheel speed of the bicycle 1 on the basis of the rotational speed of drive wheel 5; an 
actuator 1 1 for displacing wire 6 depending on the wheel speed sensed by wheel speed 
sensor 10, and optimally controlling the gear level of change gear mechanism 4; and a 
battery box 12 for providing drive power to actuator 11. 

[ 0019 ] Wheel speed sensor 10 comprises a magnet 10a attached to the drive wheel 5; 
and a lead switch 10b attached to the frame of the bicycle 1, facing the magnet 10a. In 
response to rotation of drive wheel 5, lead switch 10b switches on as magnet 10a 
approaches lead switch 10b, and lead switch 10b switches off as it moves further away, 
causing a wheel speed-dependent sensor signal to be issued to actuator 11. 
[ 0020 1 Actuator 1 1 comprises a transmission mechanism 13 for controlling the amount 
of pull on wire 6; a gear position sensor portion 14 for sensing the actuation level of 
transmission mechanism 13; a motor 15 serving as the actuating source of transmission 
mechanism 13; a reduction gear group 16 for reducing the actuating force of motor 15 
and supplying it to transmission mechanism 13; a speed change map memory 17 for 
storing in memory the gear level of change gear mechanism^£ inxe.sppjis^o a wheel 
speed signal supplied to it by wheel speed sensor 10; and a control circuit 18 for 
controlling the speed of motor 15 on the basis of a shift position information read from 
speed change map memory 17 and the current shift position of transmission mechanism 
13 sensed by gear position sensor portion 14. 

[ 0021 ] Actuator 1 1 and battery box 12 are affixed to the frame 19 of the bicycle 1. The 
arrangement of gear position sensor portion 14 is now described with reference to Fig. 3, 
which shows the arrangement of a gear position sensor portion in an embodiment of the 
present invention. Fig. 3(A) shows micro switch 14b in the OFF position, and Fig. 3(B) 
shows micro switch 14b in the ON position. 

[ 0022 ] Toothed portions 14c are formed around a rotating sensor gear 14a at a certain 
pitch (angle) corresponding to sensed displacement of transmission mechanism 13. 
Micro switch 14b comprises a convex portion 14d, projected from a case 14e, for 
actuating the switch. Micro switch 14b is disposed in proximity to rotating sensor gear 
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14a so that convex portion 14d comes into abutment with the toothed portion 14c faces of 
rotating sensor gear 14a. 

[ 0023 ] Convex portion 14d is urged by means of a spring or the like in an outwardly 
projecting direction from case 14e (direction denoted by arrow CI) so as to push against 
the toothed portion 14c faces of rotating sensor gear 14a at a predetermined level of 
pushing force. As shown in Fig. 3(A), when convex portion 14d is situated between 
[adjacent] toothed portions 14c, it is extended from case 14e in the direction denoted by 
arrow CI, thus turning the micro switch 14b to OFF. 

[ 0024 ] In the state illustrated in Fig. 3(A), operation of motor 15 to turn rotating sensor 
gear 14a by an angle 6 in the direction denoted by arrow D causes the convex portion 14d 
of micro switch 14b to now be situated at the location of a toothed portion 14c of rotating 
sensor gear 14a, so that the convex portion 14b of micro switch 14b is pushed backwardly 
in the direction denoted by arrow C2, thus turning the micro switch 14b to ON. 
[ 0025 ] In this way, rotation of rotating sensor gear 14a through operation of motor 15 
causes micro switch 14b to be repeatedly cycled ON and OFF by means of the toothed 
portions 14c of rotating sensor gear 14a. Micro switch 14b is supplied with a constant 
level of power, and generates a pulsed signal that is low level when micro switch 14b is 
ON, and high level when micro switch 14b is OFF. The pulsed signal generated by micro 
switch 14b is supplied to control circuit 18. 

[ 0026 ] Fig. 4 is a flow chart illustrating operation of the control circuit in an 
embodiment of the present invention. When supplied with a wheel speed signal by wheel 
speed sensor 10 (Step SI), the pulse interval of the wheel speed signal is counted, 
calculating wheel speed and acceleration from the count value (Step S2). 
[ 0027 ] Fig. 5 is a waveform diagram of a wheel speed signal in an embodiment of the 
present invention. A pulse is generated in the wheel speed signal each time that the drive 
wheel 5 completes one rotation. Wheel speed SP may therefore be expressed as 

SP = a/T (1) 
where T is the pulse interval and a is the outside circumference of drive wheel 5. 
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[ 0028 ] Here, where Tl is the time period from time tl to time t2 and T2 is the time 
period from time t2 to time t3, wheel speed SP1 from time 1 to time 2 is calculated from 
Equation (1) using 

SPl=a/Tl (2) 
and wheel speed SP2 from time t2 to time t3 is similarly calculated from Equation (1) 
using 

SP1 = a/Tl (3). 
[ 0029 J As regards acceleration G, on the other hand, acceleration G2 from time t2 to 
time t3 is calculated as followed from SP1 and SP2 in Equations (2) and (3). 

G2 = (SP2 - SP1)/T2 

[ 0030 ] In Step SI, the control circuit 18 calculates wheel speed SP and acceleration G 
using the above Equations 2 -4, and then refers to speed change map 17 using wheel 
speed SP and acceleration G so calculated, to determine the gear level (Step S3). Fig. 6 
shows the arrangement of data in a speed change map memory in an embodiment of the 
present invention. 

[ 0031 ] As shown in Fig. 6, speed change map 17 is divided according to whether 
acceleration is in the acceleration direction (+) or the decelerating direction (-), and in an 
arrangement determined with reference to speeds SP1 1 -SPIN partitioned into ranges by 
gear level. Control circuit 18 provides wheel speed SP and acceleration G to a speed 
change map 17 like that shown in Fig. 6.> From an address corresponding to the wheel 
speed SP and acceleration G supplied by control circuit 18, speed change map 17 outputs 
a gear level to be controlled and supplies this to control circuit 18. 
[ 0032 ] If the gear level supplied from the speed change map 17 does not match the 
current gear position of change gear mechanism 4, control circuit 18 then determines that 
a shift operation is required. At this time, control circuit 18 performs control to disable, 
for a^predetermined number^ftim^ downshifting immediately following a gear 
upshift operation, or gear upshifting immediately following a gear downshift operation. / 
[ 0033 ] The control circuit 18 accomplishes this firstly in Step S3 by comparing the gear 
position supplied by the speed change map 17 with the current gear position calculated by 
the gear position sensor portion 14, and sensing whether the gear position supplied by the 
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speed change map 17 represents a higher gear than the current gear position calculated by 
the gear position sensor portion 14 (Step S4). 

[ 0034 ] In Step S4, if control circuit 1 8 determines that the shifting direction is the 
upshifting direction, it then determines whether a gear shifting [operation] in the 
downshifting direction has occurred immediately prior (within a predetermined time 
interval) (Step S5). Time from completion of [the preceding] gear shifting [operation] is 
measured by means of a timer provided in the control circuit 18, and if a predetermined 
time interval has not yet elapsed, the circuit refers to the gear shifting direction of the 
preceding gear shifting [operation] and compares this with the current gear shifting 
direction. 

[ 0035 ] If in Step S5 control circuit 18 determines that the gear shifting direction is the 
downshifting direction, it disables gear shifting and returns to Step SI, awaiting another 
wheel speed input (Step S6). If in Step S5 control circuit 18 determines that the gear 
shifting direction is the upshifting direction, it enables gear shifting and supplies 
actuating current to motor 15 to perform shifting to the gear position indicated by speed 
change map 17. The reduction gear group 16 is actuated by operation of motor 15 to 
actuate the gear position sensor portion 14. At this time, the gear position sensor portion 
14 generates a pulsed signal, and the motor 15 is actuated through counting up to a 
predetermined count value according to this pulsed signal, until the current gear position 
is confirmed to have reached the gear position indicated by speed change map 17 (Step 
S7). 

[ 0036 ] Fig. 7 is an operating waveform diagram during gear pulse counting in an 
embodiment of the present invention. Fig. 7(A) shows the pulsed output signal of gear 
position sensor portion 14, Fig. 7(B) the motor 15 actuating signal, and Fig. 7(C) output 
pulse count value. When a motor actuating signal like that shown in Fig. 7(B) is supplied, 
the gear position sensor portion 14 is actuated in association therewith, and a pulsed 
signal like that shown in Fig. 7(A) is supplied to the control circuit 18. 
[ 0037 ] Control circuit 18 counts the pulsed signal as shown in Fig. 7(C) and supplies 
actuating current to the motor 15 until reaching a count value that corresponds to the 
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desired gear position. Fig. 8 shows count values corresponding to [different] gear 
positions in an embodiment of the present invention. 

[ 0038 ] As shown in Fig. 8, count value n is predetermined [in levels of] nO to nn 
according to the [number of possible] gear positions Speed 1 -Speed n of change gear 
mechanism 4. Control circuit 18 uses the table shown in Fig. 8 to confirm from the gear 
level supplied by speed change map 17 the proper count value n to move to, and supplies 
actuating current to the motor 15 until the result of counting the output pulses from gear 
position sensor portion 14 equals the count value confirmed from the table in Fig. 8. 
[ 0039 ] In Step S4, in the event that control circuit 18 determines that the gear shifting 
direction is not the upshifting direction, it then senses whether the gear position supplied 
from speed change map 17 is a lower gear position than the current gear position 
calculated by gear position sensor portion 14 (Step S8). 

[ 0040 ] If it is confirmed in Step S8 that the gear position supplied from speed change 
map 1 7 is a lower gear position than the current gear position calculated by gear position 
sensor portion 14, it is then determined whether a gear shifting [operation] in the 
upshifting direction has occurred immediately prior (within a predetermined time 
interval) (Step S9). As in Step S5. time from completion of [the preceding] gear shifting 
[operation] is measured by means of a timer provided in the control circuit 18, and if a 
predetermined time interval has not yet elapsed, the circuit refers to the gear shifting 
direction of the preceding gear shifting [operation] and compares this with the current 
gear shifting direction. 

[ 0041 ] If in Step S9 control circuit 18 determines that the gear shifting direction is the 
upshifting direction, it disables gear shifting and returns to Step SI, awaiting another 
wheel speed input (Step S6). If in Step S9 control circuit 18 determines that the gear 
shifting direction is the downshifting direction, it enables gear shifting and supplies 
actuating current to motor 15 to perform shifting to the gear position indicated by speed 
change map 17. The reduction gear group 16 is actuated by operation of motor 15 to 
actuate the gear position sensor portion 14. At this time, the gear position sensor portion 
14 generates a pulsed signal, and the motor 15 is actuated through counting up to a 
predetermined count value according to this pulsed signal, until the current gear position 
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is confirmed to have reached the gear position indicated by speed change map 17 (Step 
S7). 

[ 0042 ] Figs. 9 and 10 illustrate the gear shifting operation in an embodiment of the 
present invention. Fig. 9(A) illustrates relationships among wheel speed signal interval, 
wheel speed, acceleration and gear position during normal acceleration; Fig. 9(B) 
illustrates relationships among wheel speed signal interval, wheel speed, acceleration and 
gear position during normal deceleration; Fig. 9(C) illustrates relationships among wheel 
speed signal interval, wheel speed, acceleration and gear position during normal wheel 
speed change; Fig. 10(A) illustrates relationships among wheel speed signal interval, 
wheel speed, acceleration and gear position during sudden change from acceleration to 
deceleration; and Fig. 10(B) illustrates relationships among wheel speed signal interval, 
wheel speed, acceleration and gear position during sudden change from deceleration to 
acceleration. 

[ 0043 ] During normal acceleration as shown in Fig. 9(A), as speed increases the gear 
position moves up sequentially in the order Speed 1 -> Speed 2 -* Speed 3 -+ Speed 4 
-* ... Speed n. During normal deceleration as shown in Fig. 9(B), as speed decreases the 
gear position moves down sequentially in the order Speed n ... -> Speed 4 -> Speed 3 -> 
Speed 2 -* Speed 1. 

[ 0044 ] If normal wheel speed change is within the range of a given gear position, for 
example, Speed 2, Speed 2 is maintained as shown in Fig. 9(C). However, in the event 
that the wheel speed signal indicates a sudden change from acceleration to deceleration, 
as shown Fig. 10(A), where the value supplied to control circuit 18 by speed change map 
17 [fluctuates from] Speed 2 -+ Speed 3 -* Speed 2, shifting from Speed 2 to Speed 3 is 
first performed in the usual manner. 

[ 0045 ] Subsequently, if Speed 2 is instructed by speed change map 17 but the 
predetermined time interval since the [preceding] shift operation has not yet elapsed, this 
shift position will be disabled. If Speed 2 is subsequently instructed, shifting from Speed 
3 to Speed 2 will then be performed. In the event of a sudden change from deceleration 
to acceleration, as shown Fig. 10(B), where the value supplied to control circuit 18 by 
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speed change map 17 [fluctuates from] Speed 3 -> Speed 2 -* Speed 3, shifting from 
Speed 3 to Speed 2 is first performed in the usual manner. 
[ 0046 ] Subsequently, if Speed 3 is instructed by speed change map 17 but the 
predetermined time interval since the [preceding] shift operation has not yet elapsed, this 
shift position will be disabled. If Speed 3 is subsequently instructed, shifting from Speed 
2 to Speed 3 will then be performed. While the preceding illustrated describes operation 
between Speed 2 and Speed 3, operation between Speed 1 and Speed 2, Speed 3 and 
Speed 4, or other shift positions is analogous. 

[ 0047 ] In this manner, according to the present embodiment, in the event of a gear 
upshift operation occurring immediately after a downshift operation, or a gear downshift 
operation occurring immediately after a upshift operation, the gear shifting instruction is 
disabled one time, thereby providing a timer lag. This avoids abrupt repeated shifting due 
to changes in speed in borderline zones between gear positions, thereby improving shift 
feel. 

[ 0048 ] With within [sic] a range of normal acceleration, normal deceleration or normal 
wheel speed change, as shifting is not performed [by] operation analogous to normal 
[operation], i.e. with averaged wheel speed values, shift feel during normal operation is 
unaffected. Control circuit 18 maybe configured as a gate array or other logic [circuit] 
rather than as a CPU run by software. 

[ 0049 ] In the present embodiment, the arrangement is such that in the event of a gear 
upshift operation occurring immediately after a downshift operation, or a gear downshift 
operation occurring immediately after a upshift operation, the gear shifting command is 
disabled one time, the number of times [the gear shifting command] is disabled is not 
limited to one, and may be several times instead. 
[ 0050 ] 

[ Effects of the Invention ] According to the invention set forth hereinabove, gear shifting 
information from the speed change map is disabled for a predetermined period of time 
after the actuating mechanism has shifted the change gear mechanism, thus preventing a 
further gear shift [operation] occurring immediately after a gear shift [operation] so as to 
avoid excessive shifting. 
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[ Brief Description of the Drawings ] 

[ Fig. 1 ] Block diagram of an embodiment of the present invention. 

[ Fig. 2 ] Exterior view of an embodiment of the present invention. 

[ Fig. 3 ] Illustration of a gear position sensor portion in an embodiment of the present 

invention. 

[ Fig. 4 ] Flow chart of control circuit operation in an embodiment of the present 
invention. 

[ Fig. 5 ] Operation waveform diagram of a wheel speed sensor in an embodiment of the 
present invention. 

[ Fig. 6 ] Illustration of data arrangement in a speed change map memory in an 
embodiment of the present invention. 

[ Fig. 7 ] Operation waveform diagram of a gear position sensor portion in an 
embodiment of the present invention. 

[ Fig. 8 ] Illustration of correspondence of count value with gear position in an 
embodiment of the present invention. 

[ Fig. 9 ] Illustration of operation of an embodiment of the present invention. 
[ Fig. 10 ] Illustration of operation of an embodiment of the present invention. 
[ Fig. 1 1 ] Block diagram illustrating a prior art example. 
[Key] 

1 : bicycle 
2: pedal 
3: chain 

4: change gear mechanism 
5: drive wheel 
6, 8: wires 

7: automatic gear shifting device 
9: change speed lever 
10: wheel speed sensor 
10a: magnet 
10b: lead switch 
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1 1 : actuator 

12: battery box 

13: transmission mechanism 

14: gear position sensor portion 

15: motor 

16: reduction gear group 

17: speed change memory map [sic] 

18: control circuit 
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[ Fig. 1 ] 
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[Key: 1: bicycle, 2: pedal, 3: chain, 4: change gear mechanism, 5: drive wheel, 7: automatic gear shifting 
device, 9: change speed lever, 11: actuator, 12: battery box, 13: transmission mechanism, 14: gear position 
sensor portion, 15: motor, 16: reduction gear group, 17: speed change map memory, 18: control circuit 
(gear shift disabling means)] 

[Fig. 2] 
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[Key: 1 : bicycle, 4: change gear mechanism (gear shift portion), 10a: magnet; 1 1 : actuator, 12: battery box] 



16 




[Key: SI wheel speed input?; S2 calculate wheel speed, acceleration; S3 calculate shift position; S4 gear 
upshift?; S5 immediately follows gear downshift?; S6 power off?; S7 shift gear; S8 gear downshift?; S9 
immediately follows gear upshift?] 

[Fig. 5] 
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[Fig. 6] 
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[Fig. 7] 
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[Key: count up; count down] 
[Fig. 8] 
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[Fig. 9] 
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[Fig. 10] 
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Key: 
(A) 

Acceleration 

Wheel speed input 
Speed 

Acceleration 

Gear shift: Speed 1; Speed 2; Speed 3; Speed 4 



(A) 

Acceleration Deceleration 

Wheel speed input 
Speed 

Acceleration 
Change speed map 

value: Speed 2; Speed 3; Speed 2; Speed 2 

Shift operation: Hold speed 2; UP to Speed 3; no shift; to Speed 2 



(B) 

Acceleration 

Wheel speed input ^ 
Speed 

Acceleration 

Gear shift: Speed n; Speed 4; Speed 3; Speed 2: Speed 



(Q 



(B) 

Deceleration -* Acceleration 

Wheel speed input 
Speed 

Acceleration 
Change speed map 

value: Speed 3; Speed 2; Speed 3; Speed 3 

Shift operation: Hold speed 3; DOWN to Speed 3; no shift; to 

Speed 2 



Speed change to an extent not requiring shift of gear position 

Wheel speed input 
Speed 

Acceleration 

Gear shift: Speed 2; Speed 2; Speed 2; Speed 2: Speed 2 

[Fig. 11] 
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[Key: bicycle, 32: pedal, 33: chain, 34: change gear mechanism, 35: drive wheel, 37: automatic gear 
shifting device, 39: change speed lever, 41: actuator, 42: battery box, 43: transmission mechanism, 44: gear 
position sensor portion, 45: motor, 46: reduction gear group, 47: speed change map memory, 48: control 
circuit] 
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